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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for fabricating a 
high quality nitride semiconductor substrate having good crystallinity 
without cracks nor warpage with high productivity. 
SOLUTION: After an AIN buffer layer 12 and a GaN layer 13 are 
grown sequentially on a sapphire substrate 1 1 by MOVPE, Si ions 
are implanted into an ion implantation region 14 centering the 
vicinity of interface between the sapphire substrate 1 1 and the 
growth layer. Subsequently, a GaN thick film 15 is grown by HVPE. 
In the following cooling process, the GaN thick film 1 5 is stripped 
from the sapphire substrate 1 1 in the ion implantation region 14. 
Finally, rear side of the GaN thick film 15 is polished and flattened 
thus obtaining a GaN substrate. 
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(54) mwo&m ^tyo¥mftmm<Dmmn& 



(57) mm 

imik^®:} t7 7-f7S1Sl 1 _LtCA 1 NM«fBl 
2tGaN|l 3$MOVPEft{C«tOlii>:fiKfi$-S-fc 

bfe-f^>ffiA^«l 4tCS i <ZK ^>aA*fi : '5o & 
(C, HVPESi:<J:DGaNfIl 5 5 „ 

<7)^©^jgiSTGaNlPKl 5 Sr^f *>&.Am®. 1 4 



Ca) 7 





^15 
13 



(<0 



T, 

t. 

St. 

* H t \Z «t 0 g{t^¥&#g«£Si&-r'5#feTfc o 
T. 

mm&tt&fovfiifemmz^ *>m\?z,m 1 ©is 
t, 

ttmnttmfc±\zmm*m#mm&BtfL??>n 3 ©1 

St. 

a&fHg^ jsm £ «ifE«wa«^ ^ torn s -a-x^ 

-T * &ft«5¥$t#:S«©fijft->yfe. 

^ ££#»t-r£i»:#£t 1 3; fete 2 lcK«©£{t:4fcl¥& 

#*«©«&:£*£. 

\z-i*>&.\TZ> Z\t&¥r®.£-?Z>m&m 3 tclE«©g 
fl:tl¥ill#:S«©S3i:*rfe. 
[»5fcJS5] •f*>aAi^lxiO"cm- 1 £i±2 
x 1 0" cm-'ElTTfe^Ct^mi^SlS 

few 2 \zmm<Dmt®¥m#-mm<Dmm>tiio 

[»*^6] -f ^->j*A-r-57C:*^. H, B, C, N, 
O. F, Mg, A 1 , Si, P, S, CI, Ar, K. 
Ca, Ti, Cr, Mn, Fe, Cu, Zn, Ga, G 
e. As, Se, Br, Cd. 5$£Zfi I n (Do t><D 1 M 
!SifiU:T&5 £ £ &®WLiiTZ>m&m 1 Sfcte 2 ICi2« 

[»*>S7] <*>ftA'T57C*j!l<, S i tO. S i 
<tN. MgtO, H^ZfZniiO(Dot>isin^<Dm.^-t 
t>W&2> Z\ t Sr#mtT-SW^3S 1 £fc«2 (CE«C0 
gft:#i¥ig#£1£©SS>£;*fe. 
[W*«8] ltia#**S«^, A 1,0,, GaN, A 
IN, SiC, Si, LiAlOj, Mg A 1, O, . 43 

±tfz n o co 5 tsHna>— low £ t 
ifcfjfe. 
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[»#« 9 ] tfffBg«*m*«#, A 1 , O, . G a 
N. A 1 N, SiC. Si. L i A 1 O, , MgAl,0 

h-rzmam 3 \zmm<omm*m-to-mwL<r>®.m. 
im-xm 1 0 ] tiammmv&wmB&zftttmfoft s 

fiJfll$-B-^ISiC43t>T, MI^l$tl5ut^» 
1 ££tt2 tcfa«O^{t#)¥^a«c0SS! 

it^fe. 

10 [W^jgiu ttriB^Ma^8 0 oicuLhi 1 0 0"c 
isKTcD&mizTmztizz.t&'&wifrzffi&mi oiz 

[0 0 0 1] 

©SSifi^feKMU #tc, g{t^¥##j?im£ii«*m 

frZUZ Mtt&1R± IZMI&T &Z.HzJ:0&<m¥mfc 

20 [0 0 0 2] 

[ft*©&«] ifi¥. ^t^'J-^A (GaN) , Sft-f 
>2^A (I nN) , gftT-^SX^A (A 1 N) m<D 

W»«tx^-f^i:bTW3t**tfT^*. Ga 
N«i^3. 4 e VOjE^X^J^-^-vy^JStpTVi 

scot*, #fe^*>e^ijiM«cct»fcs^6<&%-rs^ 

[0 0 0 3] b*»b&**6, G a N«Oftft:<M}¥#(^ 
30 «, SISI^T. *^S6^#ifiT^^co««IE^iSi d t 

75^6. /t;U?JMSft©f£«a»BfcTrfc*. GaN 
Ht«f©a{t*i|i«ft:JR*»fijtr*fc«>K#f*lxV», Ctl 

^(Dfttb. mmtLT-*)-yy^T^mty-<m (s i 

C) ^:t*C0MaW*4<&fflViT. ^E-COJittMOVPE (flr 
tS^SMffifSS : Metal-Organic Vapor Phase Epitax 
y) fe, MB E tfHHftttAjftfi : Molecular Beam Epit 
axy) fe, ^tti«HVPE (/Vf H^-f HMfflfiRS :Hyd 
ride Vapor Phase Epitaxy) fe&tOXtf^'-^S'-Wl'Sfc 

[0004] do.fc'ptc, ^r-f Taigtcf^sns 
fk*¥«MMJifc»drr3*#. s«t©^-f«it©ffim 

tCG aNHtS^fiStfc^, t77-f7ttGaNi: 
Ott^JESkft** 13. 8 % . MBBftftgftt 25. 5 % 

50 UGaNllCl 0"cm-' £l$®m<DU&tf5££.TZ>o 




( 3 ) 



[0005] wia^a^RiicHbTtt, «*g,tj£*jf 

(GaNi) t<DmzA 1 N^GaN$rig»ei:bT<g 
MfiRfi^-arS & if OfftSI t>* C t lei D JtH&WiSiS 

^ci&T*?Tfc, ttftipe&ttMHil O'cm-' 

[0 0 0 6] HVPESOlJJtJgt 10 

TX^±^<D«|^|6]fiKfi (ELOG) ifcftJfflLTVT. 
?©JI©ji#8l&£f£§![T£;fr&fC«fctK 
£ fc 2 fifteH G a NJftJgS^iaT^S t Z. Z $TSoT 

56«-r^»fc«e>lC«. J:0«BBP«J*E«fiTS-a-Tl 0' c 
nr'JJlTfrSiB*****. 20 
[0 0 0 7] ItieoiSitt, g<t«j¥fc#*R£»S 

Sf©^^«I«lc^Hg!b 

[0008] a<t«!»*j»flE»«tfp«r**tttbT 

tt, *ETBHV P E*««ttl*iltfTV>5. HVPE 

±£ftl 0 0 W mOGaN)f||$«lLfc|, *7 7"f 

[0 0 0 9] 40 
[56W*««?ftb«k5fr*BIS] .hidi© 

*0. ftSW>K0JWSl«'Tr*fc<fcS. «*.«, lcm 
A«*©/MfiSf©»R±fc 5 0 0 tfmJlCMfS* 

gfl:#»^i»#J8i^f!l«ir s jt © . 8 a tc g st u fc»t« 




#12 0 0 2 - 3 4 3 7 1 8 



Ttt, »t«*«ft»«ica5»w*i(«i^fta3&«*i;fc 
[0010] *»w«^n?)©ra)i*«ij*:-r^fc«e)ic. 

[0 0 11] 

[0 0 12] £©:&&<;: J:ttl£. ft*MS«fci3V»T-f * 

«»fc»-^<a*fcj:oiiiMtr*. zotztb, mum 

6*at:ilftS*Siii3^T**.- n©Sffc:«!i¥##JP 
Sg©i8lSttt. -f*>ftA»^ft^7£*oMfcJ:-3T-t 
©!ME*aS3 C tic J^TSSiUtCfT^ £ fc*t 

*{t»*ft*JMlOft«^EDftll|HWT**fc*. *B5 

[0 0 13] *&, JtE©B 

^©^ft^^^#a«©S)g^rft«, *w*isLhKft 
{t^¥##»n*^^-r a z. t \z <t 0 

a?$ST©M«ic-f^->ax-r^^i©xs«h, -r*> 

KE3i!!i»**»JiEr**2©iat. Wfl5#*MS8Lkfc 

[0014] ro^ctnn «»ai«iic*^T'f* 
ftii&ott^flt^inmMMRo 

«Lhlcftfl:**»«£»fll*»<«Ufc»fc, z\<Dmm* 

mfomm*^*>&xmm&ft<om\z&vmt&WLfr 

©9fiftSji^ca3£T<5CtlC«t-3TS6SgtCfT'5Jlt*« 



[0 0 15] £<=>tC. Mtt&m<D&mzWih : £:Ml&TZ> 

[0016] ^fc, strfs#«»«s. msantvs&iu* 

lr». CtttCfcD, ftA£ftfcft¥a*ft£Attttft£tt 

[0 0 17] -f *>&A»te. 1 X 1 0" cm" 

fiU:2xiO"cm- ! ^TT3b5u 1 i:^fftlK 

[0 0 18] -f:*>&A^;*. -Y^>ttA^fW, 20 

?ft (b> . mm (o , (n) , mm (o . 7 

9 ft (F) . V^v^A (Mg) . 7;U5^^A (A 
1) . dr-fft (Si). U> (P) . ffiSft (S) , ifift 
(CI) , 7)Vdl> (At) . #U£A (K) , *JW-> 
"?A (Ca) . (Ti) , ^ D A (C r) . V> 

#> (Mn) , « (Fe) , ft (Cu) . Eft (Z 
n) , 2f>J"7A (Ga) . y;PV~>j7A (Ge) . fcft 
(As) , irU-> (Se) , ^ft (Br) . rtFS^A 
(Cd) . iJitfOv^A (In) 09^©lli!Jl 30 
±T?*-5Ct*W*bV>. ftfc. 5cft*lft*^to-a-T« 
ffl-f 34§-&f±. S i tO, S i tN, MgtO. *5«ktf 

[0019] wia##*«, fcswtttEMtt 

Kft7;Rr>?A (A 1,0.) GaN, Al 
N, S i C, fr-Tft (Si). 7;i/5>ft'J3^A (L 
iAIO,, ) , 7)US. >iV^>"?A (MgAl.O 
4) . 33«fctfftft:M«& (ZnO) CD3«ffl*l#»— «.0>tt 

IlijW6P*Ut». 40 
[0 0 2 0] ifc. ft{fc4&¥3Sft:J3ft©i!dltlSt*&ft* 

tc«fe*-a-sfc», ltriEftfl:«5*iSc#JPft^#**a«^ 
sadfti*-&*isfc:*^»Tttft«ia*«te*n* - taw 
*b<, ssicjiog&flnsats 0 oicEUii 1 0 ow 

[0 0 2 1] 

[fgBJCDfUSSO^fli] (StGftoftlBl) KT. *%bj© 

1 icoiat. 0 1 s»Mi/&a«6ii»n. 

Ell (a) ~ (e) «. ^ftOftftlZffSfttbfeilMI* 
#S«©$gjt:£ffi©lg£*T»OTElT&<5. 50 
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[0 0 2 2] ST. - Ell (a) {C^T«t^{C. 2-f>^ 
SO (0 0 0 1) BSr^Mi-r-StJ-^T'fTSSil 1± 
C, MOVPEffiC±0^I« 6 0 0tT2 0 nmS 
©A 1 N®«Jf 1 2 fcjfcftStt*. -?-<Z>&, 3l#iifti*M 
OVPEffilCj;0. (SliSl0 0O'CT2 0 0 nmf 
OGaNI13S)«S$*T, ftiB*«ftfi*lfttcBBft U 
JtGaN^ftSftft <ftfcft¥#ft*K) *WftTS. 
cnsU-7r-f7WEl 1. A1NIMU> 

[0 0 2 3] -toft. Ell (b) fc5RTJ:3fc. ffiAhT 
-i?Wt7r-f7HSl lift<tft*»#ft (Al 
N*t»J! 1 2*5J:tfGaNJf 1 3) ZKDWmtf&httZ 

ojdjSx^;u^-. h-XS K*>ffiAft> fe-ttue 

tt2 0 0 keV. lX10"cm-'tt5Ci:l:«tt). 
ftAtr— ^teft3ft«ftH^6 1 7 0 nmO^tftSi^ 
fc-f *>flEAft«l 4€»ft-r*Ct*tT**. 
[0 0 2 4] Jfclc, Ell (c) tC^T«t^t*. HVPE 
mz£K) 3 0 0^mS©GaNSKl 5 
ifiiSttl 0 5 0tTiB«. GaNill 5 

*fcft, *ft» 

HatTaWSlOOOtSTOlW. ^3iH 

0 iI"T. G a Nffffil 1 5 it, !$.&&<D#immm&&ZfT" 
*ftftH*t»TOJlOJ:5a:»0igU#a • ftttftSlc 
«fcD, Ell (d) fc3^r«k5t-y-7r-<7ai«l 

iijui-rs. mmm&oG a nipi i 5 tiX££jMB*» *> 

fcttftTJ&S&iC), ftlBfcSToaaEjWWELTViS. 
tUT. a®tC2 0 Aimg«©Wlg^JgbT, Ell 
(e) tewfiifeiBB^fiftSn&GaNftftl 5 

[0 0 2 5] !^Ji©J;5^X@{CTfKfi)cSnfeGaNi? 
Jgl5Sr. GaNilgtLTffiffltS. 
[0 0 2 6] WI»»a;«*r**U-7r-f 736« 

1 1 ±IZ&E AtmJPOG aNftJRl 5 £j£ft$-t3:5 1, 
•f-OftftfcftUViRO^Ufct), J58*0»aiiftST» 

it. ^tilc*fbT, 2teftft©ftftO«ift*SfcJ:ntt, 

<ap*«iB'r«#snTft»a6«^ &smu s & lefts 

©CttfUt) 1 0 s cm" ! tfiff?»9t. 

tc. *^JgK)^tecDS[jg*ffi(c«tn«. SD^»ft«38»a: 

< «Aftt>£ff^KOG a Nljfi$#^ d tj&tT?* 

[0 0 2 7] #ClC, ^ft<0^1B(C«^«lllft^ftiC-7 
V»TR«T*. S i'ft^XSnMt^ftAM 

1 4T«*sa^*tgiJ»Mtc«wfsn«). ssiw, 

>ffiA^ltl4tt. an-xios ift^s^trcitic 

izztztb, •y-7 7-f7Ssi lft-snttftftfti^ft^ft 
t o»^iE»rt»jWft«»«[«>«ft(ca^< 3B**«58*-r 



* 

ieoTMSnsOT. -f^>SEA^«l 4 75i|j/S!pHl:-r 
2>Z\t\z£0. #®, ^©h-M^-ri7;i/jlST?Ga 
N/9flgi zwyr^rmm l^e^mtciflliftf 5. 
[0 0 2 8] #%BJ#SCDW^©*i!f*. _hffitf>*ij 

CO. H— X*£l X 1 0" cm- ! *>?,2 X 1 0" cm-' 

[0029] mffiomm 2 ) ^m<Dmm<Dmm 2 tc 

OUT, 02£#B8Uft#S^TtClftBJ!-f<5. 02 
(a) ~ (f) te, *SIJ60^SUc«Sgft^#»#a 

[0 0 3 0] 02 (a) IZTjkT^olZ. M2-(>?-&<D 
(0 0 0 1) I^ITS5t7 7-f7S«l lJitCS 

i *-Ur>m\TZ>o ffiAtf-i7{4«7it*B5 s to^Jx.« 

17 0 nm©S3tS;5J;5i:-f*>£A««l 

tl-fn2 0 0 keV, lX10"cm-'ifS. 
[0 0 3 1] SfctC, X/^y^SCtt) S i O.JK1 6£ 

xh/t^->i 7 5f^T5. K^/ h«jlS3 0 0 
nmOP3^T&0, 3 0 0 n-mfflRHKJgj&SnTt^*. 
02 (b) fC^T«t^{C, S iCHl 6SH 

coi/v'X >1 7 £RtK1>-:7T-rx«;|gl IS® 

[0 0 3 2] «V»T, 0 2 (b) V>Vmv>mWL*: H9-f 
Xy^^Btd^cfiU Ar77X?$lHTH7^ 

cDB8Pgptcgmbfci7-7r-l'Ta«l 1*17 0 nmg?= 
^l:X7f>^Sl/T, ^©^l/v'X h/liS'— >1 7 
*S«fctfS iO,Il 6 4l7f>^it5CtlC± 
0, 0 2 (c) tC^T^t^C-S. 
[0 0 3 3] 1't>ffiASn&^t7 5"f T»£teX-;/ 
^>:7>-b;W&T/h£<. »ft«t< 1 7 0nmgjS£ 

T»1S 1 1 tti©afe^«»f$tl^fc*x^^>^$tl 
■^T<ftD. X^^>^l/-htt-r^->ffiALT^7 l j:li 
tr7 7'-1'7'*«<»:lt^Tl 0te^±<tft3e:<i:;WSig$ 
tlfc. t£oT, -f ^->fiEA-r^.*73J*tt, ^CDXgiCT 
GaNPJKl 5^7 7^7S«1 1 SiflBrrSlig© 

^fts-r. 02 (c) izmT^oizwa&m-rzoiz 
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t> t^¥IS:TS.I. <fc V> -5 . 

[0034] ^tc, 02 (d) iz7jkT£?iz, msizw 
mm^tif^yr-(T&^.ii±iz. HVPEtetc 
«t0 3 0 OjumHOGaNffll 5 fifcfi 
fflSttl 0 5 OttfeS. 

[0 0 3 5] S«i&ffi£^ia£T#ai-f*. 
co^iHSfc^liT. 0 2 (e) \Zm-rJ:?\ZG aNJP 
mi 5W77^7M1 lTi^fUfit-r^. dO&pgrfc 
*tr>Ttt. GaNfPMl 5«^ld-9-^T'1'7S«l 1 

io io*B*»6*i»r*fcj456r. Mftmz&im*m 

^CT, G a NSK 1 5 ©SffilC 2 0 « mgS© 

mmzm^T¥-tB<tTz>o 02 (f) warafawpsfts 

nfcGaNJWKl 5*%$nt^5. 

[0 0 3 6] &>±<D£.?UZ.niZTMl$.-$?LtzGaNm 
I15S;, GaNMtlTfffltS. 

[0 0 3 7] ft*. GaNJ?JKl 5 CO^ft^tCTKm^B 
M+T©|&9®L#M- ££SC±D. GaN 

20 

[0 0 3 8] JfclC. 4^|«CO»aBic«i(t«»ICiS*(:o 
^TittW-r^>o S i <:*>#&A£*l3-r:*>i£ASW£ 
1 4 Ttt*il^««W»WK«IWSn*«:«>««W5ft* 

Ttt, -f ^■>aA««Srl^<ir^r-1'TS«l ltGa 

nshi 5) t©* : PjE«k^ri»»K«»fi!)ffiait»"^< 

-T 7S«1 l^Htr^T^^tlTI^CDT, GaN 

mm 1 5 r^rmm 1 1 £©jhsk:*^t#»k: 

30 Mffi2itZ>Z\£WVg2,o 

[0 0 3 9] fig*. i^r^f 7S1S1 l±iCi!cW/imJ? 
©GaNJWKl 5 iS&L^S Outfit 

0. ^s©?&aijiiSTaR4i-6<)JctijBi75^i;fcD, wn# 

T^SslCjcnfcf. ^2-r>7 c S©GaNiSMl 5*iS0^ 
»8» t> ft < $ nt«tf«ST 5 tr 7 7 -f 7g« 1 
l*»Sid«U Ao8ST?0<Ete«Sttl 0' cm-'t 

cfcn«, ED^*«a«& 6KOGa 

[0 0 4 0] HVPEm\Z£2>GaNmmi 5<D 

fiJcftlgtCfcVVTtt, GaN©«t75ft^©/£fi£fiJfflL 

x. tr7 7'^T*«i 1 <D^y^>if^nftmamm^ 

«a&*j£ftS-&TV»*. if"? r-f 7»l£±t;:G 
aNSISML. £OGaN«R4J79 : >m* 
ttlifflV^mnfc^ •9-7r-1'7'S1g*iH*X5/9 l > 

^{C*3^S73}*©«tp{C+»-^T-1'7'*«l l«X<y^> 
^gP^*-f^->ffiA««El 4iT5dil:J:0. ^(c 
50 D-7 7-f 71«1 1 ft*, X 



* 

•V-yT-iT&fal 1 tGaNUll 5 tCDfffltC^COcfc^ 

tt.&m&Bj$.-$nz>££\z£K). ^yyirmwii it 

GaNJWgl 5tOS#^3l*^)feae). HMo^Sg 1 © 
^fttit&LT, .kOGaNJPMl 5Srt!llliL^-r<^ 
-5. 

{0 0 4 1] ft*. *HifiO^{Ct5liTtiit7 7"r7 
««1 1 bTfflV>TV>£a<, §HJS<Z>ft2«il 

<D&?\zv7r-iT&fai \\zmm*m-&nm*Wf$. 
l & t> (D & t l xm V»* C i oitE-e s& . 

[0 0 4 2] Sfc, *%W#^©W^WilS*. ±E©|SiJ 

©, I ! -Xl?;ixi0"cm" , *^2xi0"cm-' 
<D*SB tt5 t^r t #qM8 3*x;t„ 

[0 0 4 3] UttOKflBl. 2T«Wbfc«ia^ttK* 
V>T. GaNffll 5 ©M^«tf»t5©Sgi?, £ «=>IC 

-B-TJa^S-^SOW^D^VJ^TGaNPKl 5 & 

»IB^-h*KJ:*£tt*«*GaNffl«l 5 \zm^V 
T-^ftS-arfc^tC, GaN*JBtl 5*^a*at«t*ic 

[0 0 4 4] &*3, aAt5<t>i:Hb, mzoitM 

#Jf***t. B, C, N, G\ F, Mg, A 1 , Si. 
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P. S. CI, Ar, K. Ca, Ti, Cr, Mn, F 
e> Cu, Zn, Ga, Ge, As, Se, Br, C 

*&*.^>-frTE^5«^te, S i tO, S i £N, Mg 
tO. ZntO<Dmfr&tttf&K)ifr$.^z.t%m& 

[0 0 4 5] £&. ilC-mtr^r-r 7S«1 1 
fc*^, -?-CDttfc>0lCA 1,0, , G a N, A 1 N, Si 
10 C, Si, L i A 1 Oj , MgAl.O,, ZnOd^^t 

[0 0 4 6] * &, G a Ni?K^S»©S»ftiattJiiaoD 
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